OFDM is a technique that is chosen for high data rate communication and is important for 4th generation communication systems. To provide best possible quality of service, intelligent allocation of resources such as power, bandwidths are necessary. Various algorithms have been proposed for allocation of resources. Fuzzy Rule Based System (FRBS) and Particle Swarm Optimization (PSO) algorithm are used for optimization of code rate, modulation and power. FRBS is used to choose the best possible modulation and code rate and PSO is used for better power allocation.
Introduction
Orthogonal Frequency Division Multiplexing (OFDM), offers a considerable high spectral efficiency multipath delay spread tolerance, immunity to frequency selective fading channels and power efficiency [1] , [2] . As a result, OFDM has been chosen for high data rate communication and has been widely deployed in many wireless communication standard such as based mobile worldwide interoperability for microwave access (mobile WIMAX), 3GPP long term evolution (LTE) based on OFDM access technology. In OFDM every sub channel experiences a different channel condition so the use of same modulation and code rate may not be suitable for all subcarriers. Also, flat power would not be beneficial since sub-channels may need different
Orthogonal Frequency Division Multiplexing
The system model considered is OFDM equivalent baseband model with N number of subcarriers. It is assumed that complete channel state information (CSI) is known at receiver. The frequency domain representation of system is given by ; 1, 2,3...
Where r k , h k , P k , Z k and X k represents amplitude, transmit symbol and the Gaussian noise of sub carrier k respectively. It is assumed that signal transmitted on the k th subcarrier is propagated over Rayleigh at fade channel and each subcarrier faces a different amount of fading independent of each other. This can be given mathematically as 
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Fuzzy Rule Base System And Particle Swarm Optimization
To maximize the data rate FRBS is used for optimum selection of modulation code pair (MCP) per subcarrier based upon received SNR and QoS.
The steps involved in creation of FRBS are described below i. Data Acquisition
The information about SNR and BER obtained from Coded Modulation can be expressed as "for a given SNR and specific QOS which modulation code pair can be used.
ii. Rule Formulation
Rules for every pair are obtained by the appropriate fuzzy set used.
iii. Elimination of conflicting rule
This is used for eliminating conflicting rules. 
iv. Completion of Look Up Table
If complete numbers of IO pairs are not present, then those parts are filled by heuristic or expert knowledge. Example a modulation code pairs is suggested by rule for a certain SNR and QOS. Then that rule can also be used for slightly above SNR and poor QOS.
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The input output pair for design of FRBS is of the form 
  
There will be one output as MCP
Membership function
Membership function used in FIS (fuzzy inference system) is triangular. Triangular membership function is simple to implement as well as calculation of arithmetic operation is easier than bell, Sigmoidal and Gaussian. In FIS system AND is used for MIN and OR as MAX.
Rule base
7 sets of SNR and 10 sets MLBER are taken. Total number of rules taken is 70 that will be used in FIS system. 
DE-FUZZIFIER
Standard Center Average Defuzzifier (CAD) is used for defuzzification. CAD is to perform a linear combination over the computed weights at the fuzzy inference engine and then modify this combination by novelization. CAD provides continuity and homogeneity and has less computational complexity.
Particle Swarm Optimization
PSO is a stochastic optimization technique developed by Eberhart and Kennedy inspired by the social behavior of flocks of bird. x t x t v t    Each particle know its best position (p-best) and global best(g-best).Thus the particle will tend to attain its gbest at final iteration. 
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Proposed Methodology
First the system model of an OFDM is developed using MATLAB. Then the BER and SNR value is calculated using the graph that is simulated from system model. Then the BER and SNR value is given as input to the FIS system and throughput and modulation as output. FRBS give the best modulation that will have the highest throughput. After using FRBS, Particle swarm optimization will be used to allocate power to the subchannels depending upon the channel condition. Particle Swarm Optimization is compared with linear and root finding algorithm and it's seen that PSO provides better power allocation. Graph of OFDM system with different code rate and modulation. Input of this graph is given to Fuzzy inference system and PSO for optimization of code rate and modulation. Figure 6 shows the impact on throughput for different values of SNR and QoS demand after incorporating the constraint. In this diagram a higher numbered MC Pair reflects a high throughput. New MCP from FIS system is given to the transmitter in in order to improve optimization. Figure 7 show power allocations as a function of number of users using linear and root finding. Power allocation should depend upon channel condition, but linear and root finding allocate same power to every users which leads improper communication because same power is allocated when there is less noise interference and high noise interference . Figure 8 shows power allocation with respect to number of users using particle swarm optimization. As shown in figure 8 particle swarm optimization provide adaptive power allocation depending upon channel state condition. 
Simulation and Results
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Conclusion
FRBS and PSO are used for optimization of code rate, modulation and power respectively. PSO is used for power allocation depending upon the channel condition. After using FRBS in OFDM system it will give optimal modulation and Code rate that will have the best throughput. Thus by using FRBS and PSO optimal power allocation can be done with specified modulation techniques for specified sub channel. Comparison of power allocation for PSO is done with root finding algorithm and linear method and is seen that PSO has better power allocation.
